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r. An optical WDM~lietw ork comp i itihig at -h 
bidirectional optical link, each node comprising 



at least two pairs of ordinary optical transmitters and ordinary optical receivewf each 
5 pair including an ordinary optical transmitter receiving electrical signals and con*^ing the 
received electrical signals to issued first optical signals and an ordinary op^al receiver 
receiving optical signals and convening them to electrical signals, and 

ordinary transponders, each ordinary transponder receiving the/Issued first optical 
signals from only one of the ordinary optical transmitters of the paih and convening the 
10 received signals to issued second optical ' signals -of a well defin^ wavelength band, the 
wavelength bands of the second optical . signals issued by diff^ent ones of the ordinary 
transponders being separate from each other, 

characterized in that each node funher comprises/ a first optical multiplexer or 
combiner connected to receive the second optical signals i^ued by the ordinary transponders 
15 of the node, the first optical multiplexer- orperfi^H^r cabining the second optical signals to 
issue a combined optical signal on aH^pticai/fiJ^'-Tnclir^ed in the bidirectional link 
interconnecting the node and another iKxie. {^\%%//U- 9) 

2. A WDM network accordji4 to~dai]/l/ characterized in that each node further 
comprises a spare transponder co^ected to rec^We^^r a f^lure of an ordinary transponder 

20 of the node, the first optical sighals, which afre to be^ived by the ordinary transponder, 
and to convert the received first bptical sigmfls to issu^tftird optical signals of a well defined 
wavelength band separate from the wavelgingth balids o/the second optical signals issued by 
the ordinary transponders in the\ode/the spare trahsponder being connected to the first 
optical multiplexer or combiner of tM^node to ^prdvide die third optical signals to the first 

25 optical multiplexer or combiner whith combines the tiiird optical signals issued by the spare 
transponder of die node with the sfecond optical signals issued by the ordinary transponders of 
. die node to issue a combined optical signal on die optical fiber. (Figs. 2-9) 

3. A WDM network according to claim 2, characterized in diat each node further 
comprises first optical swittJhes, each first optical switch having an input and a first output 

30 and a second output, di/ input of die first optical switch being connected to one of die 
ordinary optical transnufters of die node and die first output being connected to diat ordinary 
transponder which isydonnected to receive die first optical signals issued by said one of tile 
ordinary optical tra^mitters of die node to forward optical signals received on die input of 
die first optical sWitch to that ordinary transponder, and die second output being connected to 

35 die spare transponder to forward optical signals received on die input of die first optical 
switch to the spare transponder, depending on a position of die first optical switch (Fi<JS 
3, 7, 8) 

4. A/ WDM network according to claim 3, characterized in that each ordinary 
transpon^ in a nodc -4s-^vid e d witlv-afr4nptrt-loss-detectei--6eBHxJIing^^ first optical. 
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sw«dr, die first Tra^nrrJf^TIfidrilconnecSd^^ 

5. A WDM network according to claim 2, characterized in that each node further 
comprises optical power splitters, each optical power splitter having an input an/T first 
output and a second output, the input of the optical power splitter being connected one of 
5 the ordmary optical transmitters of the node to receive signals issued by s^ne of the 
ordinary optical transmitters and the first output of the optical power splitter^eing connected 
to that ordmary transponder which is connected to receive the first optkZsignals issued by 
said one of the ordinary transmitters to forward a first share of the opa^l signals received on 
the input to that ordinary transponder, and the second output of Z optical power splitter 
10 being connected to forward a second share of the optical -signals/^ceived on the input to the 
spare transponder, of: the node. (Figs. 6, 9) 

6. A WDM network according to asj^claim^ 2 -V^aracterized in that each node 
further comprises a second optical multiplexer or combm^ having an output comiected to an 
input of the spare transponder and having inputs conne/ed to the ordinary optical transmitters 

IS of the node to receive the first opticaTsignals issu/by the ordinary optical transmitters and 
to forward the received first optical^s oWoutput of the second optical multiplexer or 
combiner ro the spare transponder/bf the node. #ig. 8) 

7. A WDM network acco^ing to ^^jlaip^^ node 
further comprises a second o/tical switcUa^ one output id a plurality of inputs one 

20 input of the second optica/ switch b^^nged for anc/ connected to each ordinary 



transponder, and the output /of die seq 
spare transponder, the secoiid optica, 
output in order to forward 



25 



30 



Optical switch bein§ connected to the input of the 
being arranged/o connect one of its inputs to its 
die fifst optfca^^gnals issi/d by one of die ordinary optical 
transmitters of die node to die sndre transponder^MiMode. (Figs. 2 - 7, 9) 

8. A WDM network .Uprising at least twp^des interconnected by a bidirectional 
optical link, each node con/pWg at least tw</ o^U of ordinary transmitter devices and 
ordinary receiver devicey^eachVl^omprisi^ ordinary transmitter device and one 
ordinary receiver device/eing arranged to transmit and receive optical signals respectively of 
only a fixed, mdividua^or separate well defined wavelengdi band, 
characterized ui that each node further comprises 

a pair of a Xe transmitter device and a spare receiver device, die spare transmitter 
device and the sj^are receiver device being arranged to respectively transmit and receive 
optical signals of only a fixed well defined wavelength band different from ±e wavelengdi 
bands in whid/die ordinary transmitter devices and receiver devices of die node are arranged 
35 to transmit anfd receive respectively optical signals, and 

a swkA connected in such a way that if one of die ordinary transmitter devices of the 
node fails/an input signal of said one of die ordinary transmitter devices is connected dirough 
die switch to an input of die spare transmitter device. (Figs. 2 - 9) 

aracterized in that 



9 / A WDM -ne twork -accnr/iiT 
J- 
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"tKe^rdinary iransmiiier device 6f ' ea c h pair -o f - an ordinar)^ t r a nsm i tter device and ai 
ordinary receiver device of->:. node comprises an ordinary optical transmitter and an ordir 
transponder connected to the ordinary transmitter, the ordinary optical transmitter receiving 
electrical signals and converting the received electrical signals to issued first optical/signals 
and the ordinary transponder receiving the first optical signals issued by the ordinary optical 
transmitter and converting the received first optical signals to issued second opti(2aI signals of 
the wavelength band, in which the ordinary transmitter device and the ormnary receiver 
device of the pair are arranged to transmit and receive optical signals respectively;- and 

the spare transmitter device of a pair of a spare transmitter device y^d a spare.receiver 
device of a node comprises at least, one spare transmitter and a spare/transponder connected 
to the spare transmitter, the spare transponder being common to aH/spare transmitters^^of the 
node and connected to said all spare transmitters to convert received signals to issued third 
optical signals of the wavelength band, in which the spare transmitter device and the spare 
receiver device of the pair are arranged to transmit and receive optical signals respectively, 
(Figs. 2-7) 



vJ 



9, charafcterized in that the spare transponder 
)nnectea through a switch to all the ordinary 
jrst^optic al sig nals issued by at most one of the 

claim| 8 — tO-, characterized in that 
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10. A WDM network according^ ci 
of a spare transmitter device o^ node is 
optical transmitters in the node^ to receive the 
ordinary optical transmitters m the node. (Fig^ 

11. A WDM networkyaccording to 
the ordinary receiver device of ea^ pair of an ordinary transmitter device and an 

ordinary receiver device of a, node comjmses a demultiplexer Ar filter and an ordinary optical 
receiver connected to the demultiplexer or filter, the ordinary optical receiver converting 
optical signals received from the dermiltiplexet'^-Gaifflter to yclectrical signals, die demultiplexer 
or filter being common to\ and oranected to all theoranary optical receiver devices in the 
node, and 

the spare receiver devi^ of the pair of a^spe(hf transmitter device and a spare receiver 
device of ±e node comnnses\the demultiplexer or filter, the ordinary optical receivers 
comprised in all the ordinary rebfti y^er ^ evi6es of the node and a switching device, the 
switching device havirig outputs connected to the ordinary optical receivers to forward, at 
each instant, a signal from the demultiplexer or filter to at most one of the ordinary optical 
receivers. (Figs. 2/- 7) 

12. A WDM network according to dnjuef claim| 8 characterized in that 

the ordinary receiver device of each pair of an ordinary transmitter device and an 
ordinary receiver device in a node comprises a demultiplexer or filter and an ordinary optical 
receiver ccmnected to the demultiplexer or filter, the ordinary optical receiver converting 
optical signals received from the demultiplexer or filter to electrical signals, the demultiplexer 
or filter/being common to and connected to all the ordinary optical receivers of the node, and 

"device oi It ie pair of a s p aie u<m smifter device and a snare^l^cetve^ 
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T te \' icc of die li u dc Lunipiii>ei> Uiti driiuuh iptexe F o r fi l ter, s pare o pi i c al i L Leivei!^ eolivenlHy 
. received optical signals to electrical signals and a switching device, the spare optical receiwiC 
being connected to the demultiplexer or filter dirough the switching device, the swjjSig 
device having an input connected to the demultiplexer or filter to receive optical sign2s from 
5 the demultiplexer or filter and outputs connected to the spare optical receivers to ^forward, at 
each instant, a signal from the demultiplexer or filter to at most one of the i3Minary spare 
optical receivers. (Figs. 2-7) 

13. A. WDM network according to claim 12, characterized in th^ i signal which is 
forwarded from the demultiplexer or filter of a node taone of die sp^fT optical receivers of 

10 the node is in the same wavelengdi band, in which die spare , transminer device and the spare 
receiver device of a pair in die node are arranged to :transmh/and receive optical signals 
respectively. . . / 

14. A WDM network according to claim 13, charajjferized in diat a signal which is 
forwarded from die demultiplexer or filter of a node to/ne of die spare optical receivers of 

15 die node is in die same wavelengjh-^^nd^ diat of ih^rdinary transmitter device in die pair 
of an ordinary transmitter device and di^t ordin^u^eeei^ device vyhich comprises an 
ordinary receiver widi which the spare receij^er>i<?!ncluded in a^ir. 

15. A WDM network fcomprising at/r^/ two nodes intatconnected by a bidirectional 
optical link, each node coijiprising at ids/ avo pairs of ordinary optical transmitters and 

20 ordinary optical receivers, bach pair cMfiprising an ordina?^ optical transmitter receiving 
electrical signals and conver^mg die ratfeived d^fctqcal sigjikls to optical signals and issuing 
tile optical signals to anotiier Wie a/d an ordinary ^$k<S receiver receiving optical signals 
from die odier node and conveiW^he received opticaHsignals to electrical signals, charac- 
terized in tiiat each node funf^r cbmprisesjpare^ transmitters, one spare optical 

25 transmitter being arranged toother widi an ordinary optical transmitter in a pair, die spare 
optical transmitter and die £Jrdinary optical transmitter of a pair receiving the same electrical 
signals and converting ±6 received electrical signals to optical signals and die spare optical 
transmitter being arranged to issue die optical signals to die odier node, if die ordinary optical 
transmitter fails. (Fia/ 2-7) 

30 16. A WDM/hetwork according to claim X^, characterized in diat each node furdier 

comprises first Meal switches, each first optical switch being connected to an ordinary 
optical transmh&r and a spare optical transmitter of a pair to forward optical signals from 
only one of dafe ordinary optical transmitter and die spare optical transmitter. (Figs. 2, 3, 7) 
17. VWDM network according to claim 16, characterized in diat each first optical 

35 switch in/4 node is arranged to connect, in a first position, die ordinary optical transmitter to 
an ord^ry transponder, die ordinary transponder convening received optical signals to 
issue^optical signals of a well defined wavelengdi band, the wavelengdi bands of different 
or^ary transponders in a node being se parate from each other, die optical signals issued by 
t He nrdinap y traiispatiders ot one noae oeing provided to an npr'&";;T;TTT;pT^.j m. e um binerN 
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^bmbining che opticajUiHaIslo- l5t;ufc Qieiii uii aii optical tibet cuimdcred to another -Hodgr 
to connect, in a second position of die first optical switch, an ordinary transmitter to a spare 
transponder, die spare transponder converting received optical signals to issued optical si^s 
of a well defined wavelength band, the wavelength band of die spare transponde/^eing 
5 separate from the wavelength bands of die ordinary transponders in the node, t^optical 
signals issued by die spare transponder being provided to die optical multiplexer/r combiner 
to be also issued on die optical fiber. (Figs. 2, 3, 7) 

18. A WDM network according to claim 17, characterized in diat in/ihe first position 
of one of die first optical switches of a node the spare optical transmitter^hich is connected 

10 to said one of die first optical switches is connected through- said oi/. of , die first optical 
switches to die spare - transponder dirough a second switch, die second^witch allowing optical 
signals from at most one spare optical transmitter to reach die spar^ransponder. (Figs. 2, 3, 

19. A WDM network according to claim 18, characterized m diat in the second 
15 position of one of die first optical switches of a node die ordinary optical, transmitter which is 

connected to said one of die first optical switched is corniced dirough die first optical switch 
to die spare transponder through die second switch, dieys4ond switch allowing optical signals 
from at most one ordinary optical transmitter to reacly^he spare transponder. (Figs. 2, 3, 7) 

20. A WDM network according to ai^jCSTcl^l 17;:^=^aracteri2ed"ln d^at in die 
20 second position of one of die first ondbal switoKeWTnode die) spare optical transmitter 

which is connected to said one of /the first^^ switches is Connected to a respective 
ordinary transponder. (Figs. 2, 3,7A 



21. A WDM network accor 



ling to. 



9^ ci 



U — 26T/characterized in that each 



0^ 



ordinary optical transmitter of a lode i/connected to an o^diij^ transponder, one ordinary 
25 transponder being arranged for ^ ordinary optical traijs^itter, an ordinary transponder 
being arranged to convert receivejf^ptical signa^jojssded c/ptical signals of a well defined 
wavelengdi band, die wavelen£tfi b^s of different ordin^ transponders in a node being 
separate from each odier, the/ptical slW issued byjk6 ordinary transponders of one node 
being provided to an optic/ multiplexer or^rmabinefcombining die signals to issue diem on 
30 an optical fiber connecte/ to anodier node, and die spare optical transmitters being connected 
to a spare transpondepf die spare transponder converting received optical signals to issued 
optical signals of / well defined wavelengdi band, die wavelengdi band of die spare 
transponder beinp/separate from die wavelengdi bands of die ordinary transponders in die 
node, die optipdl signals issued by die spare transponder being provided to the optical 
35 multiplexer of combiner, the connection of the spare optical transmitters to the spare 
transponde/being made in such a way diat die spare transponder receives at most optical 
signals is^ed by at most one spare transmitter. (Figs. 2-7) 

22f. A W DM network a ccording to -ftRr-e* claim| 15 characterized in diat all 

ordinary ^reeeiveis of a node -aie cuuueefed-«&-^.-sinaie Multiplexer or-Gket^^fl^ 



sen^eri 
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rec6T7€<l optical signalsig-g tectrical signals. (Figs. 2-7) 
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23. A WDM network according to anj^-ef claim^ 15 — characterized in 
ordinary receivers of a node are connected to a single demultiplexer or filter and conve 
received optical signals to electrical signals, a switch being provided to conduct an ormcal 

5 signal from the demultiplexer or .filter to at most one of the ordinary receivers, this/optical 
signal being in the same wavelength band as the optical signals issued by a spare tia^onder. 

24. A WDM network according to ^ly of claim j 15 ---^S, characterized^ that each 
node further comprises spare optical receivers, one spare optical receiver/being arranged 
together with an ordinary optical receiver in a pair, the spare opticaK receiver and the 
ordinary" optical receiver of a pair converting received optical signals tp^lectrical signals and 
being connected to output electrical signals to the same output terminal, so that the spare 
optical receiver delivers electrical signals to the output terminal, n(We, if the ordinary optical 
receiver cannot deliver electrical signals, (Figs. 2-7) 

25. A WDM network according to claim 24, characterized in that all ordinary 
receivers of a node are connected to a single demuitipl©icer or filter and convert received 
optical signals to electrical signals, Mjoh-'Spare receiver/being connected to the demultiplexer 
or filter through a switch, the switch h^ing ajjferaHtv of outputs, each output being 
connected to a different one of Ac spare OTtip^f^ceivers, and the switch being arranged to 
forward a signal from the demidltiplexer oj/uito/^ :o at most ope of the spare optical receivers. 

20 (Figs. 2 - 7) 

26. A WDM network According to >(flaim 25, charailfterized in that a signal which is 
forwarded from the demultiplexer or fiher to one of the sdare optical receivers is in the same 
wavelength band as the optical signals^ssued by a spare aansponder of the node, 

27. A WDM network according to claim^.25-<QMracterized in that a signal which is 
25 forwarded from the demultiplex^/ or filter of a node/tootie of die spare optical receivers of 

the node is in the same wayelertgth. ^nd as J h^^optical signals issued by die ordinary 
transmitter in the pair of an/ordinary transhmter/and that ordinary receiver, with which the 
spare receiver is included in a pair. 

28. A node for connection to another node by a bidirectional optical link in an optical 
30 WDM network, the noae comprising 

at least two o/irs of ordinary optical transmitters and ordinary optical receivers, each 
pair -including anyordinary optical transmitter receiving electrical signals and convening the 
received electrkal signals to issued first optical signals and an ordinary optical receiver 
receiving opti|z^ signals and converting them to electrical signals, and 
35 ordinaty transponders, each ordinary transponder receiving the issued first optical 
signals irom only one of the ordinary optical transmitters of the pairs and converting the 
receive/ signals to issued second optical signals of a well defined wavelength band, the 
wave^ngth b ands of the^ econd optical signals issued by different ones of the ordinary 
tra^fspondefTbeins separate frorirBach-otheF; ^ 
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ical multiplexer or combiner connected torge 

transponders, die tirst opti^I multiplexer or 
?i signals to issue a combined optical signal on an 
foal link interconnecting the node and the other node. 



